INTRODUCTION
Sites 612 and 613 were drilled during Leg 95 on the New Jersey continental slope and upper rise, respectively, some 110 km southeast of Alantic City (Fig. 1) . These sites were selected to complement Sites 603, 604, and 605 (drilled during Leg 93; van Hinte, Wise, et al., in press ) of the New Jersey Transect (see Poag [1985] and Background and Objectives [this volume] for geologic setting of the transect). At Site 612 (1404.3 m present depth; 38°49.21'N, 72°46.43'W), we cored 550.33 m of Cenozoic sediments; at Site 613 (2323.2 m present depth; 38°46.26'N, 72°31.43'W) 581.90 m of section were cored. More than half of the Cenozoic successions at both sites comprise either siliceous nannofossil chalks or porcellaneous chalks, which yielded poorly preserved foraminifers. Late Neogene planktonic foraminifers are rare or absent in some levels and diversity is low. The successions are difficult to zone accurately (especially in the lower to lower middle Eocene) because much of Cenozoic planktonic foraminiferal biostratigraphy relies upon specific and subspecific changes. In addition, our resolution is limited by a wide sampling interval (typically 9.5 m); Poag and Low (this volume) corroborated our zonations using closely spaced (typically 10 cm) samples across seven unconformities noted in the boreholes.
One of the goals of the New Jersey Transect was to test the timing of erosional events and to compare these Poag, C. W., Watts, A. B., et al., Init. Repts. DSDP, 95 : Washington (U.S. Govt. Printing Office).
2 Addresses: (Miller) Lamont-Doherty Geological Observatory of Columbia University, Palisades, NY 10964; (Hart) Department of Environmental Sciences, Plymouth Polytechnic, Drake Circus, Plymouth PL4 8AA, United Kingdom. events with the coastal onlap record of Vail et al. (1977) . Sections drilled on the transect are interrupted by numerous unconformities caused by downslope erosion (Miller, Mountain, et al., 1985; Poag, 1985; Miller and Katz, this volume; Poag and Low, this volume; Poag and Mountain, this volume). However, two factors limit this test of the "Vail curve": (1) the minimal recovery of Oligocene to middle Miocene sediments, in part because of the placement of Site 612 in a canyon thalweg (Farre, 1985; Poag and Low, this volume; Poag and Mountain, this volume) and (2) poor preservation of biostratigraphic markers. The goals of this chapter are to revise shipboard biostratigraphic zonations in view of shorebased studies and to evaluate the durations of hiatuses using planktonic foraminifers.
METHODS
We examined primarily core-catcher samples, supplementing these with samples from certain critical intervals (e.g., near the lower/middle Eocene boundaries, in the upper Eocene at Site 612). Samples were prepared using standard foraminiferal preparation techniques. They were disaggregated gently with dilute hydrogen peroxide, and wet sieved on a 75 µm mesh. Samples from the highly siliceous part of the Eocene section did not respond to normal preparation methods and therefore were crushed gently. The dried samples were inspected in the following size fractions: >500 µm, 500-250 µm, 250-125 µm, and 125-75 µm. No quantitative analyses were undertaken in this investigation, since the variable preservation would invalidate intersample comparisons.
We also evaluated the suitability of the Eocene sections at Sites 612 and 613 for magnetostratigraphic analyses. Standard 6 cm 3 samples were measured on a ScT cryogenic magnetometer at Lamont-Doherty Geological Observatory. Preliminary measurements suggest that Eocene sections at these sites contain insufficient remanent magnetism to obtain a reliable magnetostratigraphic record.
TAXONOMIC NOTES The taxonomic base followed here is a combination of that of Stainforth et al. (1975) and Blow (1979) . Blow's finely split taxonomic concepts proved difficult to use, as the poor preservation of Eocene taxa often prevented accurate determinations. No scanning electron microscopy was done because the taxa identified are well known and have been illustrated by previous authors. Original references are cited in the appendix.
ZONAL SCHEMES Some confusion surrounds the choice of late Paleocene to middle Eocene zonal schemes. The P-zone scheme for Zones PI-PI 2 was informally introduced by Berggren (1969) ; Blow (1979) later completed his (Blow, 1969) P-zone scheme by adding a different set of Zones Pl-P13. The Berggren (1969) and Blow (1979) schemes are quite different in places (Fig. 2) , as noted by Toumarkine and Luterbacher (1985) . We used a hybrid zonation based on Blow (1979) and Stainforth et al. (1975) on the ship. Comparisons of our early-middle Eocene zones with the then-unpublished Berggren et al. (1985b) time scale were not entirely correct since the time scale used the informal Berggren Zones PI-PI 2.
We compiled the best age estimates for first and last occurrences of late Paleocene to middle Eocene planktonic foraminiferal zonal markers (Fig. 2) . The ages of most of the markers have been estimated using magnetochronology (Berggren et al., 1985b; and K. Miller, personal observation) . We used the P-zones as introduced by Berggren (1969) to draw the zonal boundaries in Figures 3-6 ; a formal codification of this scheme is in progress (W. A. Berggren, pers. comm., 1986) .
We attempted to use the Turborotalia cerroazulensis zonal scheme of Toumarkine and Bolli (1970) for the late Eocene. We had some difficulty in applying this scheme in the middle Eocene because the T. possagnoensis and T. pomeroli first appearance levels were anomalously early at Sites 612 and 613 (see Figs. 3, 5) ; we attribute this to difficulties in determining lineage splitting rather than to poor preservation.
We used the Pliocene zonal schemes of Berggren (1973) and of Blow (1969) . We used the Neogene time scale of Berggren et al. (1985a) . In general, the late Neogene planktonic foraminiferal assemblages at Sites 612 and 613 were dominated by cool-water taxa and had low species diversity. Therefore, some biostratigraphic zones are difficult to assign because of the absence of marker species.
BIOSTRATIGRAPHY AT SITE 612
An unconformity is present between the Cretaceous and early Eocene at Site 612. Core 61 contains middle Maestrichtian planktonic foraminifers (Hart, this volume) . We recovered no Paleocene planktonic foraminifers. Core 60 was empty except for the core catcher. Samples 612-60,CC and 612-59,CC contain a moderately preserved early Eocene planktonic foraminiferal assemblage: Morozovella subbotinae, Muricoglobigerina soldadoensis soldadoensis, Subbotina linaperta, and S. ?triloculinoides (Fig. 3) . Sample 612-60,CC also contained Morozovella aequa and TUrborotalia chapmani (Fig. 3) ; both last appeared in the early M. subbotinae Zone of Toumarkine and Luterbacher (1985) , suggesting correlation with Zone P6b of Berggren (1969) (Fig.  2) .
Our samples from the overlying lower Eocene succession contain poorly preserved planktonic foraminifers. The silicified sediments are difficult to process effectively, and specimens obtained were coated with sediment. Careful processing on shore has hardly improved matters. Recognition of some species is difficult, and some zonal markers (especially species of Morozovella) may have been missed. Some key early Eocene taxa (e.g., M. formosa formosa and M. formosa gracilis) were not found, making zonal boundaries difficult to position accurately.
In Sample 612-58,CC, M. subbotinae is joined by the first members of the M. aragonensis-M. lensiformis group, although poor preservation prevents accurately splitting these taxa (Fig. 3) . Elsewhere, M. lensiformis first appeared in the late M. subbotinae Zone (Toumarkine and Luterbacher, 1985) . In Berggren's (1969) scheme, the basal criteria for Zones P7 and P8 were not clear. A revised scheme (W. A. Berggren, pers. comm., 1986) , will use the first appearance (FO) of M. aragonensis as the Zonal marker for the base of Zone P7 (Fig. 2) . Thus, we assign Sample 612-58,CC to the undifferentiated Zones P7-P8, although it could be late Zone P6b (of Berggren, 1969) .Sample 612-54,CC apparently contains M. aragonensis (Fig. 3) , suggesting assignment to Zones P7-P8 of Berggren (1969) . The assemblage remains unchanged until Sample 612-49,CC, where Pseudohastigerina appears together with Truncorotaloides quetra and Acarinina wilcoxensis (Fig. 3) .
Morozovella caucasica first appears in Sample 612-47,CC and ranges up to Sample 612-37,CC (Fig. 3) . This taxon first appeared in the late M. aragonensis Zone Berggren et al. (1985b) , except for the first occurrence of M. subbotinae, which was magnetochronologically estimated at Site 577. (Toumarkine and Luterbacher, 1985) , suggesting correlation of this interval with Zone P9 (possibly late P8) of Berggren (1969) (Fig. 2) . The last appearance of this taxon is thought to approximate the early/middle Eocene boundary (Stainforth et al., 1975) , although it may range into the earliest middle Eocene (Toumarkine and Luterbacher, 1985) . Samples 612-37-3, 60-64 cm through 612-35,CC are tentatively assigned to middle Eocene Zone P10 of Berggren (1969) (Fig. 2 ). This assignment is based upon the absence of M. caucasica, Globigerinatheka kugleri, and G. mexicana, together with the presence of Subbotina frontosa, M. aragonensis, Acarinina bullbrooki, A. broedermani, Truncorotaloides rohri, and Pseudohastigerina wilcoxensis (Fig. 3) . Samples 612-37-3, 60-64 cm through 612-21,CC, representing approximately 160 m of sediments, are assigned to the middle Eocene using planktonic foraminifers. Planktonic foraminifers are rare and generally poorly preserved in the lower portion of this section, limiting biostratigraphic resolution. Nevertheless, our shipboard and shore-based studies suggest that Zones P9 and P10 probably are present (Fig. 3 ).
Despite this relatively complete zonal record, sedimentation rate estimates suggest a major break (about 1-5 m.y.) across the unconformity noted in Core 37 (Fig. 4 ) (see also Poag and Low, this volume) . At least two age (sedimentation rate) models are applicable to the middle Eocene of Site 612 (Fig. 4) . One suggests as much as a 5-m.y. break at the early/middle Eocene boundary, while the other suggests a break of about 1 m.y. We favor the model with the slower sedimentation rate and shorter hiatus (leftmost line on Fig. 4 ), based upon our best estimate of the Zone P11/P12 boundary (see below). Nannofossil biostratigraphy also suggests a break across the unconformity in Core 37, from about 50 to 49 Ma (i.e., Zone CP13a is missing) (Site 612 chapter, this volume). However, the nannofossil assignment would place the hiatus within the early middle Eocene. This ambiguity emphasizes the difficulties in estimating the duration of the hiatus represented by the unconformity in Core 37.
Planktonic foraminiferal biostratigraphic interpretations of the middle Eocene section at Site 612 are uncertain, for Cores 34 to 24 may represent Zones Pll or P12. In situ Morozovella aragonensis last occurs in Sam- pie 612-35,CC, with reworked specimens extending into Samples 612-27,CC and 612-24,CC (Fig. 3) . The last occurrence (LO) of M. aragonensis is the primary zonal criterion for the base of the M. lehneri Zone of Stainforth et al. (1975) and Toumarkine and Luterbacher (1985) , which is correlated with the base of Zone P12 (Fig. 2) . However, the zonal marker for the base of Zone P12 (Berggren, 1969) , Morozovella lehneri, first appears in Sample 612-3 l.CC (Fig. 3) . This suggests that the last occurrence of M. aragonensis in Sample 612-35,CC is local or that the true last occurrence was lost because of poor preservation. To further complicate matters, the first appearance (FO) of Globigerinatheka kugleri is also in Sample 612-31,CC (Fig. 3) ; this is the marker for the base of Zone Pll (Berggren, 1969; Blow, 1979) . Either Zone Pll is missing, or the FO of G. kugleri may have been delayed because of poor preservation. Our best estimate is that the Zone P11/P12 boundary is between Samples 612-29,CC and 612-28-6, 150 cm. Acarinina broedermani last appears in Sample 612-29,CC (Fig. 3) ; Blow suggests that this taxon ranges only to the top of Zone Pll (Blow, 1979) . Hantkenina alabamensis and Truncorotaloides topilensis first occur in Sample 612-28-6, 150 cm (Fig. 3) . These taxa first occurred elsewhere in Zone P12 of Blow (1979) . These relationships suggest that the identification of M. lehneri in Cores 31-29 may be incorrect or that the FO of this taxon pre-dated the LO of A. brodermani and the FO of Hantkenina alabamensis and Truncorotaloides topilensis.
On the basis of the presence of S. frontosa, Turborotalia cerroazulensis pomeroli (FO Sample 612-26,CC), Cores 26 through 21 are equivalent to the T. c. possagnoensis Zone of Toumarkine and Bolli (1970) .The absence of Orbulinoides beckmanni precludes using other schemes for zoning the Core 26-22 interval (see discussion below). The correlation of the LO of S. frontosa is debatable, and therefore the relationship of the top of the T. c. possagnoensis Zone to other zonations is ambiguous. Toumarkine and Bolli (1970) , Stainforth et al. (1975) , and Toumarkine and Luterbacher (1985) suggested that S. frontosa became extinct at the top of the M. lehneri Zone (Zone P12); Blow (1979) suggested that this extinction occurred even earlier (top of his Zone Pll). Using the former correlations, Cores 28-21 are part of Zone PI2. However, magnetobiostratigraphic correlations (Berggren et al., 1985b) Bolli, 1957) . Cores 18 and 17 lie in the upper part of this zone (Toumarkine and Luterbacher, 1985) . Globigerinatheka semiinvoluta occurs in Samples 612-19,CC and 612-17,CC (Fig. 3) , indicating assignment to the G. semiinvoluta Zone (of Bolli, 1957 and Stainforth et al., 1975) . The relationships observed at Site 612 between the T. cerroazulensis cocoaensis Zone and the G. semiinvoluta Zone are the same as observed by Toumarkine and Luterbacher (1985) (Fig. 3) .
The Eocene/Oligocene boundary is recognized by the LO of Hantkenina spp. and T. cerroazulensis ssp. (see discussion in Snyder et al., 1984) . On the ship we observed this LO in Sample 612-17-4, 60-64 cm. Poag and Low (this volume) note that these taxa range into Sample 612-16,CC. Thus, there is less than 1 m of Oligocene sediments present at Site 612. There may be additional unconformities in the uppermost Eocene section. The section between the LO of G. semiinvoluta and the LO of Hantkenina spp. is only about 1.5 m. Since this interval represents about 1 m.y. (Berggren et al., 1985b) , some section must be missing.
An unconformity in Section 16-6 representing a 25-m.y. hiatus separates lowermost Oligocene sediments from upper Neogene sediments (see also Poag and Low, this volume) . Cores 16 and 15 are assigned to late Miocene Zone CN7 (Site 612 chapter, this volume). Core 15 contained few planktonic foraminifers; benthic foraminifers indicate a Neogene age based upon the presence of Buliminastriata mexicana. Sample 612-14,CC is assigned to the upper Miocene (probably Zone N16); it contains Neogloboquadrina acostaensis, Globoquadrina dehiscens, Globorotalia merotumida/plesiotumida, N. continuosa, and Globigerinoides parkerae (Fig. 3) . Sample 612-13,CC is probably late late Miocene (N17) as denoted by the presence of Globigerina nepenthes, G. plesiotumida, Globoquadrina altispira globosa, and N. acostaensis (Fig.  3) (Fig. 3) . Samples 612-10,CC and 612-9,CC are barren of planktonic foraminifers, while Sample 612-8,CC contains a late Pliocene assemblage including Globorotalia crassiformis and G. inflata (Fig. 3) . Sample 612-7,CC is assigned to upper Pliocene Zone N21 based upon the presence of T. tosaensis (Fig. 3) . Cores 1-4 are Pleistocene based upon the presence of Truncorotalia truncatulinoides (Fig. 3) . Sample 612-5,CC contains T. crassula without T. truncatulinoides. It is assigned to the upper Pliocene, in agreement with the nannofossil evidence (see also Poag and Low, this volume), although Scott (this volume) argues that Cores 5-8 are Pleistocene.
BIOSTRATIGRAPHY OF SITE 613
Eocene biostratigraphic control at Site 613 is better than at Site 612. Many primary and secondary zonal criteria of Berggren (1969) , Stainforth et al. (1975) , Blow (1979) , and Toumarkine and Luterbacher (1985) are in reasonable agreement at Site 613. This contrasts with Site 612, where the expected ranges of many taxa were inverted and we were forced to choose which first occurrences were delayed and which last occurrences were premature.
Cores 53 through 37 represent the lower Eocene recognized using planktonic foraminifers at this site. The Paleocene/Eocene contact was not reached, and it is difficult to assess how much of the lower Eocene was recovered. The lowermost sample recovered (613-52,CC) contains a moderately well preserved planktonic foraminiferal assemblage containing representatives of the Morozovella aragonensis-lensiformis group and M. formosa gracilis (Fig. 5) . M. marginodentata occurs with these taxa in Samples 613-51,CC to 613-49,CC (Fig. 5) . If specimens noted in Samples 613-52,CC to 613-49,CC are M. aragonensis, then this interval correlates with Zones P7-P8 of Berggren (1969) ; however, if these specimens belong to M. lensiformis, then this interval may represent Zone P6b of Berggren (1969) . Toumarkine and Luterbacher (1985) suggested that M. marginodentata ranged into the early M. formosa Zone (Zone P7 of Berggren, 1969). We, therefore, assign this interval to Zones P7-P8 (Figs. 5,6 ). The interval from Sample 613-48,CC to 613-45,CC is assigned to the later part of Zones P7-P8 (probably P8) of Berggren (1969) . This is based upon the absence of M. marginodentata, M. lensiformis, and M. caucasica, together with the presence of well-developed M. aragonensis (Fig. 5) . M. formosa gracilis last appears at the top of this interval (Fig. 5) . Toumarkine and Luterbacher (1985) noted that this taxon became extinct in their M. aragonensis Zone (= Zone P9 of Berggren, 1969 ; Fig. 2) , suggesting that the Zone P8/P9 boundary is in Cores 44 or 45. This is supported by the appearance of forms approaching A. bullbrooki { = basal criterion, Zone P9 of Berggren, 1969; Fig. 2) in Samples 613-44,CC and 613-43,CC. Nevertheless, definite A. bullbrooki does not appear until Sample 613-42,CC (Fig. 5) . Globigerina taroubaensis first appears in Sample 613-44,CC (Fig. 5) , suggesting correlation to late Zones P7-P8 of Berggren (Fig. 2) . We therefore assign Samples 613-44,CC and 613-43,CC to undifferentiated Zone P8-P9 of Berggren (1969) .
Samples 613-42,CC to 613-37,CC are assigned to Zone P9 based upon the co-occurrence of M. caucasica and A. bullbrooki (Fig. 5) . FO Hantkenina spp. cannot be used as a criterion for the base of Zone P10 at Site 613 because of poor preservation of this interval. As at Site 612, we place the top of Zone P9 and the top of the lower Eocene at the LO of M. caucasica. Truncorotaloides rohri first appears in Sample 613-35,CC (Fig. 5) . Convoluted bedding ascribed to slumping occurs in Core 37 and part of Core 36 (Site 613 chapter, this volume). Sediments above this slumped interval are assigned to Zone P10. Therefore, there seems to have been little biostratigraphic break across the lower/middle Eocene boundary, as we observed at Site 612. However, sedimentation rate estimates (Fig. 6) suggest that some section is missing across the lower/middle Eocene unconformity at Site 613, similar to the hiatus inferred at Site 612. We suggest that a hiatus of about 2 m.y. (from 52 to 50 Ma) spanned the early/middle Eocene boundary at Site 613.
Low diversity assemblages noted in Samples 613-35,CC and 613-34,CC consist only of M. aragonensis, A. bullbrooki, S. frontosa, T. rohri, T. cerroazulensis possagnoensis (Fig. 5) , with the addition of Globigerinatheka index and Acarinina broedermanni in Sample 613-34,CC.
Globigerinatheka mexicana first appears in Sample 613-33,CC, suggesting that this is the base of Zone PI 1 (Fig.  5 ). The FO of T. topilensis topilensis and the LO of A. broedermanni are in Sample 613-27,CC (Fig. 5) . Morozovella aragonensis disappears above Sample 613-25,CC, indicating the base of the M. lehneri Zone of Stainforth et al. (1975) , which should equal the base of Zone P12 (Fig. 2) . However, M. lehneri (the base of Zone P12 of Berggren, 1969) (Fig. 2) (Toumarkine and Bolli, 1970 ). An unconformity representing about 37 m.y. occurs between Samples 613-20,CC and 613-19,CC. Sample 613-19,CC contained only Miocene Globoquadrina dehiscens. Nannofossils indicate that this sample is lower upper Miocene (Site 613 chapter, this volume). Samples 613-18,CC through 613-15,CC are assigned to lower Pliocene Zone PL1, based upon the presence of Globigerina nepenthes, Globoquadrina altispira, Globorotalia margaritae, G. tumida, G. plesiotumida, Sphaeroidinella subdehiscens, and G. puncticulata (Fig. 5) . Globorotalia crassaformis appears in Sample 613-15,CC. The zonal assignment of the overlying sample (613-14,CC) is indeterminate, but Sample 613-13,CC contains G. margaritae, S. subdehiscens, and Sphaeroidinella dehiscens (without G. nepenthes), indicative of Zone PL2 (Fig. 5) . Upper Pliocene sediments (Zone N21) occur in Sample 613-12,CC as indicated by Truncorotalia tosaensis, G. crassula, G. crassaformis, G. inflata, G. puncticulata, Neogloboquadrina atlantica, N. acostaensis, N. humerosa, and N. pachyderma (Fig. 5 ). Abraded specimens of T. truncatulinoides noted in this sample are interpreted as contaminants. Sample 613-11,CC contains G. miocenica, indicative of the late Pliocene. Samples 613-10,CC and 613-9,CC are indeterminate, while the overlying samples (613-8,CC to 613-1,CC) contain Pleistocene T. truncatulinoides (Fig. 5 ).
DISCUSSION
One of the primary goals of the New Jersey Transect was to document the timing of erosional events on the U.S. Atlantic passive continental margin. We recovered many unconformities at Sites 612 and 613 (Site 612 and 613 chapters, this volume; Poag and Low, this volume) . Many of these are associated with long hiatuses, typically greater than 5 m.y. Much of the Oligocene-Miocene section was missing at both sites; prominent hiatuses (> 10 m.y.) are associated with the Eocene/Miocene contact at Site 613, the lowermost Oligocene/upper Miocene contact at Site 612, and the Maestrichtian/Eocene contact at Site 612 (Figs. 3,5) . We cannot compare these long breaks with any specific event of Vail et al. (1977) or with other records of margin erosion (see Thome and Watts, 1984 for discussion). Poag and Mountain (this volume) suggest that some of these long breaks may be the result of local erosional events.
Some unconformities have shorter hiatuses. Determination of the amount of time missing (if any) across these unconformities is hampered by uncertainties in planktonic foraminiferal biostratigraphy and by lack of a magnetostratigraphic record at Sites 612 and 613. Nevertheless, we have attempted to estimate the amount of time missing across these breaks at Sites 612 and 613.
There are only subtle paleontological breaks associated with the unconformities noted at the lower/middle Eocene boundaries at Sites 612 and 613. Every planktonic foraminiferal zone is apparently present. Nevertheless, sedimentation rate estimates suggest that hiatuses of as much as 5 and 3 m.y., respectively, may be present at these sites.
Downslope erosion associated with mass-flows (slides, slumps, debris flows, and/or turbidites) caused unconformities and channeling across the lower/middle Eocene boundary at Sites 612 and 613 (Poag and Mountain, this volume) . The hiatus at Site 612 is associated with a prominent unconformity noted in the borehole (Poag and Low, this volume) . The hiatus at Site 613 is associated with channels filled with slump debris (Poag and Mountain, this volume) . The debris filling these channels is locally derived, with no evidence of shallow-water benthic foraminifers (Miller and Katz, this volume) . Both sites lay in bathyal water depths at this time (Site 612: about 1000 m; Site 613: about 2000 m; Miller and Katz, this volume) . Thus, the erosion that caused these unconformities must be attributed to submarine mass flows; subsequent local slumping filled the channels.
The erosion that occurred near the early/middle Eocene boundaries at Sites 612 and 613 correlates with erosion noted on other margins. Erosion occurred at this time on the Irish margin (Miller, Ostermann, et al., 1985; Poag et al., 1985; Snyder and Waters, 1985) , in northwest Europe (Aubry, 1985) , and in the Gulf Coast (Hazel et al., 1984) . A drop in relative sea level occurred near the early/middle Eocene boundary in New Jersey (Charletta, 1980) , Libya (Barr and Berggren, 1981) , and California (Berggren and Aubert, 1983) . This widespread distribution suggests that a eustatic lowering caused the erosion. One of the major ("type 1") erosional "offlap" events of Vail et al. (1977) occurs at the early/middle Eocene boundary. Our results support their suggestion that a major erosional event occurred near the early/ middle Eocene boundary.
At Sites 612 and 613, the biostratigraphic zonal assignment of the upper part of the middle Eocene is debatable. We did not observe Orbulinoides beckmanni at either site; thus, Zone P13 (= 0. beckmanni total range zone) is not identifiable (Fig. 2) . Luterbacher (1972) reported this taxon from the upper middle Eocene strata at Site 108. However, our examination of material from Site 108 failed to confirm the presence of 0. beckmanni. This is probably because of the small samples we examined (20 cm 3 ) versus large core catcher samples examined by Luterbacher. We believe that the uppermost middle Eocene strata at Sites 612 and 613 correlate with Zones P12 to earliest P14 (see discussion below). Stratigraphic position also suggests that the top of the middle Eocene strata recovered at Site 612 should be slightly younger than at the top of the middle Eocene at Site 108 (= Zone P13 following Luterbacher, 1972) , since the latter can be traced to a level below that at Site 612. Jones (1983) and Berggren and Aubry (1984) reported planktonic foraminiferal fauna from the Castle Hay-ne Formation, North Carolina which is similar to that of the upper middle Eocene at Sites 612 and 613 (with Hantkenina longispina, Subbotina frontosa, Globorotalia cerroazulensis pomeroli, Acarinina bullbrooki, Truncorotaloides rohri, T. topilensis, Morozovella lehneri, and Globigerinatheka mexicana). Although Jones (1982) originally favored assignment of this fauna to Zones Pll-P12 of Berggren (1969 Berggren ( ), later he (1983 and Berggren and Aubry (1984) favored assignment to Zones P12-P13 of Berggren (1969) . The primary zonal criterion for Zone PI3, 0. beckmanni, is absent from the Castle Hayne Formation. The Castle Hayne Formation (partim) has been assigned to nannofossil Zone NP16 (Berggren and Aubry, 1984) , while the upper middle Eocene strata at Sites 612 and 613 have been assigned to Zone CP14a ( = late NP16) (Valentine, this volume). The presence of these nannofossil zones supports the correlation to late Zone P12 to early PI4. The presence of S. frontosa at Sites 612 and 613 and in the Castle Hayne Formation suggests that these strata are 42 m.y. or older (Berggren et al., 1985b) . This suggests that:(l) the Castle Hayne Formation (partim) correlates with the uppermost middle Eocene strata at Sites 612 and 613; (2) both are older than about 42 Ma, correlating with upper Zone P12 to lower Zone PI4; and (3) this late middle Eocene interval represents widespread deposition on the margin from New Jersey (Luterbacher, 1972; Charletta, 1980) ; to North Carolina (Jones, 1982 (Jones, , 1983 Berggren and Aubry, 1984) .
There is a major biostratigraphic gap between the middle Eocene and the late Eocene at Site 612. We estimate that sediments below the unconformity are slightly older than 42 m.y. (see above). Sediments above the unconformity belong to the late G. semiinvoluta Zone and the 71 cerroazulensis cocaensis Zone (Fig. 3) ; nannofossils indicate placement in Zone CP15b (Site 612 chapter, this volume). This suggests that sediments above the unconformity are about 37.8 m.y. old (Berggren et al., 1985b) . Thus, a hiatus of about 5 m.y. spanned the middle/late Eocene boundary at Site 612. This gap correlates with a similar break noted at Irish margin Site 548 (Miller et al., 1985b; Poag et al., 1985) , a possible break in northwest Europe (Aubry, 1985) , and an "offlap" event of Vail et al. (1977) . A possible break at Site 612 within the late Eocene or between the late Eocene and earliest Oligocene cannot be fully evaluated because of limited biostratigraphic control (Fig. 5) . Similarly, possible breaks within the late Miocene at Site 612 (e.g., Poag and Low, this volume) are difficult to evaluate with our widelyspaced samples. A break between the late Pliocene and Pleistocene at Site 612 correlates with an offlap event of Vail et al. (1977) ; see Poag and Low (this volume) for further discussion. CONCLUSIONS 1. Precise placement of planktonic foraminiferal zonal boundaries at Sites 612 and 613 is difficult because of poor preservation in siliceous Eocene chalks, low diversity Neogene assemblages, and widely-spaced samples in certain critical intervals.
2. The Eocene sections at Sites 612 and 613 apparently contain insufficient remanent magnetism to obtain a reliable magnetostratigraphic record. The hiatuses at Sites 612 and 613 are represented by physical unconformities noted in the cores (Poag and Low, this volume) and with seismic evidence of erosion (Farre, 1985; Miller, Mountain, et al., 1985; Poag and Mountain, this volume) . The timing of some of these erosional events on the New Jersey Transect (e.g., early/ middle Eocene, middle/late Eocene, Pliocene/Pleistocene) is similar to erosional events noted in northwest Europe, the Irish margin, and by Vail et al. (1977) . Many of the hiatuses noted are long (e.g., the Eocene/Miocene, Maestrichtian/Eocene breaks), and may have been caused by one or more erosional events.
